INTRODUCTION
Natural products have been used in the treatment of several diseases for centuries [1] . Wounds are among the diseases that have been treated with several natural products. The products applied to wound healing would have anti-inflammatory, antimicrobial, antifungal and antiviral activities [2] .
According to Kumar and collaborators (pg. 104, l. [41] [42] [43] [44] [1]), healing "involves platelet aggregation and blood clotting, formation of fibrin, an inflammatory response to injury, alteration in the ground substances, angiogenesis and re-epithelialization". To heal, the wound / the burn needs to be free of infection. In order to prevent infection in burns for example, synthetic drugs have been developed to kill bacteria and fungus, among the most used ones there are antibiotics, chlorhexidine and silver [3] . Among the natural products to treat burn wounds there are honey, propolis, Aloe vera, Calendula officinalis, etc [4] . In addition, the inflammation process leads to the accumulation of reactive oxygen species at the wound site, which attack proteins leading to tissue injury. In order to prevent it, there are natural products which have antioxidant activity [5] .
Natural products have been used in the treatment of several diseases for centuries, among them, wound healing [1] . To heal, the wound or burn needs to be free of infection. To achieve this, synthetic antimicrobials and natural products can be used, e.g. honey, propolis, Calendula officinalis, etc [4] . These products should be antimicrobial and anti-inflammatory compounds. They should also present antioxidant activity, since the inflammation process leads to the accumulation of reactive oxygen species at the wound site, which attack proteins and damage the cells [5] .
Crotton lechleri (Dragon's blood) is a red resin used in folk medicine to treat wounds. There are numerous components in its composition, but its active compounds would be terpenoids, flavonoids and phenols [6] . Phenolic compounds and flavonoids can be considered as antioxidant substances by acting as reducing agents and by free-radical scavenging, since they donate hydrogen to free-radicals [7] .
Propolis, Propolis mellifera, a bee based product, is used to protect the hive from microbes and from other insects [8] [9] . Propolis has antibacterial, anti-fungal, anti-viral and anti-inflammatory activities [10] [11]. Propolis composition varies with its origin / local flora, but phenolic compounds and flavonoids are usually part of its composition [12] . Flavonoids, besides phenolic substances, e.g. caffeic acid phenethyl ester -CAPE, and cinnamic acids derivatives, would be the ones responsible for the antioxidant, antiinflammatory, anticancer and antiviral activities of propolis [13] .
Pomegranate, Punica granatum, a plant species, also has the required properties to be used in wounds [14] , as well as sage, Salvia officinalis, which present various bioactive compounds to be applied on wounds [15] . Regarding pomegranate, the fruit has several medicinal properties and different parts of the fruit (peel, juice etc) can be used. Its main active compounds would be phenolic compounds [16] . Salvia species have also been used in wound treatment in folk medicine. Salvia species have anti-inflammatory, antifungal and antiseptic properties [17] .
The goal of this work is to analyze the compounds effective bonds, the amount of active compounds and the anti-oxidant activity of five natural products used in wound healing, Brazilian and UK propolis extracts, pomegranate tincture, dragon's blood and sage tincture.
MATERIALS AND METHODS
The natural antimicrobials used were: Green Propolis Extract (Uniflora, Brazilian propolis, minimum of dry extract of 11%); Propolis (BeeHealth, United Kingdom, 50%); Pomegranate tincture (Atomo, 50%), Sage Tincture (Fushi Wellbeing, 25%) and Dragon's blood (Amazon Therapeutics Laboratories, 100%).
The Fourier-Transform Infrared Spectroscopy (FTIR) analysis of the drugs was performed on a drop of each drug. The FTIR analysis was done on the liquid extracts. The equipment used was Perkin Elmer Spectrum GX, 16 scans per samples in the region of (4000-650) cm -1 .
To evaluate the amount of flavonoids present in the drugs extracts, 0.5 mL of the diluted drugs (1mg/mL) was mixed with 0.5 mL of 2% AlCl 3 (Sigma-Aldrich) ethanolic solution in the dark (triplicates). To plot a standard curve, 0.5 mL of different solutions of quercetin -"Q" (Sigma-Aldrich, range of 0 µg -125.00 µg) in ethanol was mixed with 0.5 mL of 2% AlCl 3 ethanolic solution in the dark. After incubation for 45 min, the solutions were analyzed in the UV-Vis spectrophotometer (VWR, UV-3100PC Spectrophotometer), wavelength of 415 nm [18] .
The total amount of phenolic compounds in the tinctures / extracts was quantified according to the amount of gallic acid (Sigma-Aldrich) equivalents in the drugs' dilutions (1mg/mL). A standard curve was plotted where alcoholic dilutions of gallic acid -"GA" (0.05 -0.25 mg/mL) were analyzed by UV-Vis spec-trometer at wavelength of 765 nm. An aliquot of 0.1 mL of each solution (Gallic acid or drugs' dilutions), was mixed with 0.5 mL of solution Folin-Ciocalteu (Sigma-Aldrich) for 5 min in the dark. These solutions were then mixed with 0.4 mL of solution 2% Na 2 CO 3 (Sigma-Aldrich) in the dark and incubated for 2h before analysis [18] .
The 1,1-Diphenyl-2-Picryl-Hydrazyl (DPPH) scavenging activity, equation 1, was measured by mixing 0.5 mL of the drugs' dilutions (A 1 ) with 0.5 mL of the 100 µM DPPH alcoholic solution in the dark. The reference sample (A 0 ) was 1.0 mL of the 100 µM DPPH solution. After incubating for 15 min, they were analyzed in the UV-Vis spectrometer (VWR, UV-3100PC Spectrophotometer), wavelength of 517 nm [18] .
Eq. 1
In the set of triplicates for each drug, it was found that one sample presented experimental error. These samples were not considered for the statistical analysis. Based on duplicates, the coefficient of variation was calculated and the t-student tests were proceeded, level of confidence 95%.
RESULTS
The FTIR spectra related to each studied sample are displayed in: Figure 1 , spectrum related to Brazilian Propolis extract; Figure 2 , spectrum related to UK propolis tincture; Figure 3 , spectrum related to Pomegranate tincture; Figure 4 , spectrum related to dragon's blood; and Figure 5 , spectrum related to sage extract. The bands identified in each sample are displayed in Table 1 . The amount of phenols and of flavonoids in each herbal was analyzed at the concentration of 1 mg/ml of the dry extract and the results are shown in Table 2 . The antioxidant activity of each herbal at the concentration of 1mg/ml was also analyzed, Table 2 .
It can be observed ( Figure 6 ) that, related to the amount of phenols, Brazilian propolis and pomegranate, as well as UK propolis and pomegranate, present approximately the same amount of phenols, and are the richest ones. No significant variance was observed. Dragon's blood present low amount of phenols compared to the previous herbals and sage has the lowest amount of phenols among the herbals studied (p < 0.05). With respect to flavonoids, UK propolis is the richest one. The amount of flavonoids in the other herbals was lower than that of UK propolis, where the amount of flavonoids diminished progressively according to: Brazilian propolis, pomegranate, sage and dragon's blood, respectively. All the samples' flavonoids amounts are significantly different (p < 0.05). The DPPH scavenging activity of UK propolis, Pomegranate and Dragon's blood are identical (p > 0.05), followed by Brazilian propolis and sage with the lowest amounts, respectively. 
DISCUSSION
Since the samples extracts were alcoholic extracts, ethanol bands could be in all FTIR spectra. Characteristic ethanol bands would be at ~3687 cm -1 , related to stretching vibration of O-H groups; at 2977 and 2924 cm -1 , due to stretching vibration of C-H (the bands at 2994, 2977, 2924, 2904 and 2890 cm -1 would be due to stretching vibrations of CH 2 and CH 3 groups). The bands at 1391 cm -1 and at 1242 cm -1 would be related to C-H bending vibration and to O-H bending vibration respectively. The band at 1067 cm -1 would be due to C-O stretching vibration and the band at 877 cm -1 would be related to C-C stretching vibration [19] .
Propolis (Brazilian propolis, wax free) presented the bands showed in Figure 1 . It can be observed bands at 3366 cm -1 and at 3273 cm -1 , related to hydroxyl groups [20] . Bands approximately in the same range of wavelength in different propolis samples were also identified, e.g. a band at 3487 cm -1 , related to stretching (ν) vibration of hydroxyl groups [21] and a band at 3433 cm -1 , related to OH wagging (OH of phenolic compounds) [22] . Bands at 2924 cm -1 and at 2883 cm -1 could be attributed to ethanol [19] . The band at 2130 cm -1 could not be identified. A band was found at 1640 cm -1 . This band could be due to stretching vibration of C=C groups [21] , due to aromatic ring deformations [23] , due to flavonoids and amino acids: stretching vibration of C=O and of C=C, asymmetric bending vibration of N-H [24] , due to C=O stretching vibration of caffeic acid and its derivatives [22] and due to stretching vibration of C=O of lipids and flavonoids [20] . The band at 1457 cm -1 could be related to CH 3 , CH 2 , flavonoids and aromatic rings, where the vibrations would be the bending (δ) vibration of C-H and the stretching vibration of aromatics [24] [25] . There were also found non-identified bands at 1350 cm -1 and 1289 cm -1 . The band at 1252 cm -1 would be due to vibration of C-O group of polyols, such as hydroxyflavonoids [25] . A band at 1086 cm -1 would be related to secondary alcohols [20] and/or to C-O-stretching ester group [22] . There was a non-identified band at 945 cm -1 and a band at 878 cm -1
, probably related to aromatic ring vibration [22] or to ethanol [19] .
In Propolis from United Kingdom (Propolis-UK), Figure 2 , some bands previously described in Brazilian Propolis were also found. These were bands at: 3315 cm -1 (OH groups), 2971 cm -1 (aliphatic νCH 2 . Besides the bands previously described, there were other bands encountered. A band at 1701 cm-1, probably related to: stretching vibration of car-boxyl groups [21] , stretching of C = O of flavonoids and lipids [23] [24] . A band at 1513 cm -1 , related to aromatic ring deformations [23] and to flavonoids and aromatic rings (stretching of aromatic C=C). A band at 1410 cm -1 , C=C ring stretching (which occurs in pairs at 1638 cm -1 and at 1409 cm -1 ) [22] . Bands at 1375 cm -1 and at 1333 cm -1 were non-identified. A band at 1192 cm -1 was non-identified, although bands at 1160s were considered to occur due to lipids and alcohol groups (stretching of C-O and bending of C-OH) [23] [24] . A band at 1136 cm -1 related to tertiary alcohols [20] . A band at 1039 cm -1 , probably related to primary and secondary alcohols [20] and to C-O-stretching ester group [22] . The bands at 990 cm -1 , 922 cm -1 , 837 cm -1 and 803 cm -1 were not identified.
Pomegranate sample, Figure 3 , revealed bands at: 3322 cm -1 , probably related to -NH and bonded -OH groups of carboxylic acids [26] ; the band at 2979 cm -1 could be due to ethanol [19] ; the band at 2936 cm -1 could be related to C-H stretching vibration of methyl and methoxy groups [27] [28] and to stretching vibration of -CH 3 or -CH 2 groups in carboxylic acid [26] . The band a 2903 cm -1 would be due to ethanol [19] and the band at 2117 cm -1 was not identified. The band at 1645 cm -1 could be related to C=C stretching vibration of aromatic rings [29] [23] [21] and to the vibration of N-H of amines, C=O of amides and carboxylic groups [26] , in addition, based on propolis analysis, this band could be related to flavonoids and amino acids, ν(C=O), ν(C=C), δas(N-H) [24] . There was a non-identified band at 1479 cm -1 and there was a band at 1452 cm -1 , probably due to the presence of aromatic -C=C-bond [29] and / or to N-H bending vibration [26] . Band at 1417 cm -1 was not identified and the band at 1382 cm -1 would be related to ethanol [19] . The band at 1328 cm -1 could be related to C-O stretching of acid groups [27] or to bending vibrations of -CH 3 or -CH 2 groups in carboxylic acid [26] . The bands at 1274 cm -1 and at 1228 cm -1 were not identified, although a band at 1255 cm -1 was related to C-O acid stretching [28] and a band at 1242 cm -1 is related to ethanol [19] . The band at 1180 cm -1 could be related to C-O stretching and -OH deformation of primary alcohols, the band at 1085 cm -1 , to C-O stretching and -OH deformation of secondary alcohols and at 1044 cm -1 , to C-O stretching and -OH deformation of tertiary alcohols [28] , the last one could also be attributed to C-N stretching vibration [26] . The band at 878 cm -1 could be due to aromatic ring vibration [22] or to ethanol [19] .
Analysing Dragon's Blood, Figure 4 , there were bands at 3297 cm -1
, possibly due to OH groups vibrations [20] ; at 2096 cm -1 is a non-identified band; at 1632 cm -1 , it could be related to stretching vibration of aromatic C=C; a "shoulder" at 1526 cm -1 was not identified; at 1450 cm -1 could be due to stretching vibration of aromatic C=C; at 1340 cm -1 could be related to rocking vibration of aromatic CH; at 1291 cm -1 was not identified; at 1209 cm -1 would be due to the stretching vibration of (O-CH3); the band at 1149 cm -1 was not identified; the band at 1080 cm -1 could possibly be related to the stretching vibration of (C-O-C) [30] . The band at 1045 cm -1 was not identified.
Sage sample's analysis, Figure 5 , revealed bands that could be related to lipids [31] : at 3304 cm -1 , also possibly related to OH groups vibrations [20] ; at 2980 cm -1 and at 2904 cm -1 , also possibly related to ethanol [19] , nonetheless, this last band could also be due to asymmetric stretching CH 2 vibration of lipids [15] . The band at 2118 cm -1 was not identified. The band at 1644 cm -1 could be related to amide I [31] , to carboxylic acid [32] or to stretching C=O vibration of proteins [15] . The bands at 1454 cm -1 and at 1418 cm -1 were not identified. The band at 1385 cm -1 could be related to bending symmetric CH 3 (CO) vibration of 1,8-Cineole [33] . There were bands related to amide III [31] : at 1328 cm -1 , probably also due to bending of CH 2 vibration, and at 1276 cm -1
. The bands at 1086, 1044 and 877 cm -1 could be due to carbohydrates [31] . Among these bands, the first two could be related to polysaccharides [15] . The band at 1086 cm -1 could also be due to symmetric stretching of (C-O-C) of 1,8-Cineole [33] ; the band at 1044 cm -1 could also be related to OH groups vibration [32] ; and the band at 877 cm -1 could also be due to the stretching vibration of CH 2 of 1,8-Cineole [33] or to ethanol [19] .
Phenolic compounds are an important group of active compounds in herbals since they act disrupting the bacterium cell wall, interfering with the ATP pool and altering its membrane potential, resulting in bacterium's death [34] . The amount of phenolic compounds was higher in Brazilian propolis than in UK one (p < 0.04). Propolis from tropical zones usually present high phenolic compounds compared to propolis from tempered zones, rich in flavonoids [35] . Pomegranate has amount of phenols similar to propolis. Dragon's blood, followed by sage, presented low amounts of propolis. Both Propolis studied and Pomegranate present amounts of propolis [(210-160) mg GA/ g of propolis] close to the amount of phenols found in a propolis extract from Minas Gerais, southeast of Brazil, ~170 mg GA/ g of propolis [36] . The amounts of phenolic compounds are considerably above the minimum amounts of phenols required by the Brazilian National Agency of Heath Survaillance -ANVISA to certify that it is an effective propolis extract, 0.50% w/w [37] . Regarding Pomegranate, the amount of phenolic compounds obtained in this work were above Pomegranate plants extracts from Tunisia [38] , but below the amount of phenols in Iranian Pomegranate [14] . Dragon's' Blood presented low amounts of phenols (~85 mg/g) compared to Dragon's Blood samples from China (~9000 mg/g) [39] and from Latin America Dragon's Blood Latex (~300mg /g) [40] . Sage presented the lowest amounts of phenols among all herbals studied (~57 mg/g), approximately half of the amount of phenols found in sage extracts from Macedonia [41] . Variation on the amount of phenols is expected, since the quantity of active compounds varies with the plant's origin.
Flavonoids are also an important group of active compounds and their action is by the inhibition of DNA, RNA and proteins synthesis of bacteria and by altering its membrane permeabilization [42] . Regarding flavonoids amounts, propolis from UK presented the highest amounts (p < 0.05), followed by propolis-BR, pomegranate, sage, all with approximately the same amount of flavonoids, and dragon's blood, presenting the lowest amount of flavonoids among all. The herbal with the highest amount of flavonoids among the products studied is Propolis from UK, 35mg Q / g of propolis dry extract. The amount of flavonoids in UK propolis is in the range of flavonoids found in samples from Poland [43] . Brazilian propolis presents fewer amounts of flavonoids than the UK one, which could be confirmed by the FTIR. In UK propolis spectrum, several bands related to flavonoids could be found while in Brazilian Propolis were found some bands related to phenols, e.g. caffeic acid band. Classically, propolis from tempered zone is rich in flavonoids and aromatic acids while propolis from tropical zone is rich in phenolic compounds [44] . Nonetheless, the propolis samples fulfil ANVISA's requirement to be considered as effective extracts, both presented amounts of flavonoids higher than 0.25% w/w [37] . Related to pomegranate extract, it was found (14.93±1.00) mg Q / g of dry extract. This value is below the Yemeni pomegranate extract's flavonoids amount [45] and it is in between the amount of flavonoids found in Tunisian's pomegranate seed extract, (6.79 ± 0.57) mg/g of dry extract, and its leave's extract, (26.08 ± 1.24) mg/g of dry extract [38] . Regarding sage, the amount of flavonoids can be considered low or, at least, it is below the values found in sage from Macedonia [41] . Dragon's blood present the lowest amount of flavonoids among all products studied. Its amount of flavonoids (3.03±0.04) mg Q / g of dry extract is considerably below the amount of flavonoids in Dragon's blood from China, (43.59 ± 2.45) mg/ g of dry extract [39] .
The DPPH scavenging activity is correlated to the antioxidant activity of the herbals. Free radicals are reactive oxygen species (ROS), produced by human cells in wounds when there is an inflammatory process. ROS excess can cause oxidative stress, which can cause damage to cells or even cells death. Antioxidant substances can quench ROS and avoid cell damage / death [46] . DPPH works as a free radical and the herbals hability to scavenge the DPPH radicals shows the herbals' antioxidant activities. The DPPH activity of UK propolis, Pomegranate and Dragon's blood are identical (p > 0.05). It can be noticed that UK propolis antioxidant activity (~92%) is higher than that of Polish propolis (~60%), both from tempered zone [47] . The antioxidant activity of pomegranate extract is close to the antioxidant activity of high concentration pomegranate extracts [45] [48]. Dragon's blood anti-oxidant activity (concentration of 1mg/ml), ~94%, can be compared to the antioxidant activity of 0,3mg/ml Dragon's blood resin extracts, ~(80-90)% [7] . Brazilian propolis has, in comparison, low antioxidant activity (~88%), nonetheless, in the range of other Brazilian propolis' DPPH scavenging activities [49] . Sage (1mg/ml) has the lowest DPPH scavenging activity, ~82%, activity comparable to the DPPH scavenging activity of 50 μg/ml sage ethanolic extracts, ~81% [50] . Apparently, the antioxidant activity of all herbals in the concentration of 1mg/ml can be considered high.
The antioxidant activity can be traditionally correlated with the amount of phenolic compounds in plants. Phenolic compounds and flavonoids can be considered secondary metabolites. Phenolic compounds would be the ones directly correlated with the antioxidant activity, but flavonoids could also be responsible for this effect. Their mechanism of action is related to their ability to donate hydrogen and scavenging freeradicals. The ability to scavenge the free radicals allows these compounds to interact with reactive oxygen species (ROS) which can lead to oxidative stress and damage to tissues. Phenolic compounds and flavonoids, by reacting with ROS, avoid oxidative stress that could delay wound healing. They thereby stimulate the wound healing. In addition, other metabolites in plants besides phenols and flavonoids could contribute to the antioxidant activity and wound healing. The results found in the present work could be related to phenols, flavonoids and other metabolites [51] [52] .
It can be observed that, with respect to antioxidant activity, UK propolis and pomegranate tincture are promising. Both present approximately the same amount of phenols (~164mg/g), although the flavonoids amount differed. Both products presented the same DPPH activity, even though the amount of flavonoids in UK propolis was double that in pomegranate. It could be observed that phenolic compounds would probably be the ones responsible by pomegranate's antioxidant activity while flavonoids would be important for the antioxidant effect of UK propolis. In dragon's blood, phenols and flavonoids could not be the only ones responsible for the antioxidant activity (regarding their amounts), probably indicating that other non-quantified metabolites would be responsible. These three products can be considered to be the most promising among the ones studied.
CONCLUSIONS
Five natural products were analysed in this study. All five products were found to contain Phenols and flavonoids and to present antioxidant activities. Of the products studied, Brazilian propolis and pomegranate were found to be rich in phenolic compounds, although the phenol content in the UK propolis was also high. As would be expected in products from temperate zones UK propolis was found to be rich in flavonoids, as confirmed by FTIR analysis. All products presented high antioxidant activities in the concentrations studied, with the antioxidant activities of Dragon's blood, UK propolis and pomegranate being the highest. Phenolic compounds are ostensibly responsible for pomegranate's antioxidant activity while flavonoids would presumably contribute significantly to the antioxidant activity of UK propolis. In dragon's blood other nonquantified metabolites (besides phenols and flavonoids) are most likely responsible for the anti-oxidant activity.
